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ABSTRACT 

Objectives: This meta-analysis sought to evaluate the 
efficacy of opioid antagonists in promoting long-term 
smoking cessation. Post-treatment abstinence was 
examined as a secondary outcome and effects on 
withdrawal symptoms, craving and reduced 
consumption were also explored. 
Design: The search strategy for this meta-analysis 
included clinical trials (published and unpublished 
data) in the Cochrane Tobacco Addiction Group 
Specialized Register and MEDLINE. 
Participants: Adult smokers. 
Interventions: We included randomised trials 
comparing opioid antagonists to placebo or an 
alternative therapy for smoking cessation and reported 
data on abstinence for a minimum of 6 months. 
Primary and secondary outcome measures: 
Outcomes included smoking abstinence at long-term 
follow-up (primary); abstinence at end of treatment 
(secondary); and effects on withdrawal, craving and 
smoking consumption (exploratory). 
Results: 8 trials with a total of 1213 participants were 
included. Half the trials examined the benefit of adding 
naltrexone versus placebo to nicotine replacement 
therapy (NRT). There was no significant difference 
between naltrexone and placebo alone (relative risk 
(RR) 1 .00; 95% CI 0.66 to 1 .51 ) or as an adjunct to 
NRT (RR 0.95; 95% CI 0.70 to 1.30), with an overall 
pooled estimate of RR 0.97; 95% CI 0.76 to 1.24. 
Findings for naltrexone effects on withdrawal, craving 
and reduced smoking were equivocal. 
Conclusions: The findings indicate no beneficial 
effect of naltrexone alone or as an adjunct to NRT on 
short-term or long-term smoking abstinence. While 
further trials may narrow the confidence limits, they are 
unlikely to appreciably alter the conclusion. 



BACKGROUND 

Tobacco use is the leading preventable cause 
of death/ US clinical practice guidelines rec- 
ommend the use of pharmacotherapy for 
quitting smoking.^ Medications with demon- 
strable efficacy for cessation include nicotine 
replacement therapy (NRT) in the form of 



Strengths and limitations of this study 



■ This meta-analysis compares opioid antagonists 
to placebo or an alternative therapy for smoking 
cessation and reports data on abstinence for a 
minimum of 6 months. 

■ The meta-analysis includes published and 
unpublished results from eight trials with a total 
of 1213 participants. 

■ The findings indicate no beneficial effect of 
naltrexone alone or as an adjunct to nicotine 

I replacement therapy on short-term or long-term 
" smoking abstinence, which suggests that further 
investment in clinical trials of naltrexone for this 
indication are unlikely to change the conclusion 
that this medication does not provide a clinically 
significant benefit for helping smokers stop 
smoking. 

■ Inability to refute published claims of differential 
benefits of naltrexone for smoking cessation in 
subgroups defined by gender or secondary ben- 
efits on reduction of postcessation weight gain. 

gum, patch, lozenge, inhaler and nasal spray 
with pooled relative risk (RR) for any NRT of 
1.60, 95% CI 1.53 to 1.68^; bupropion with 
RR=1.69, CI 1.53 to 1.85^; and varenicline 
with RR=2.27, CI 2.02 to 2.55.^ ^ Effective 
second-line treatments include nortriptyline 
(RR 2.03; CI 1.48 to 2.78)^ and clonidine 
(OR 1.89, CI 1.30 to 2.74).^ Yet, long-term 
quit rates with these pharmacotherapies are 
relatively modest, in the range of 19-36.5%.^ 
With relapse as the norm, there is continued 
interest in medication development and dis- 
covery of pharmacological agents for assisting 
tobacco cessation. 

Naltrexone (Narpan, Revia, Vivitrol, with 
half-life of 240 min^) , a long-acting opioid 
antagonist, is a marketed drug that blunts the 
effects of narcotics such as heroin, meperi- 
dine, morphine and oxycodone and is effect- 
ive in the treatment of alcohol dependence.^ ^ 
Naltrexone occupies ]ji-opioid receptors, 
which putatively diminishes the activation of 
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mesolimbic dopamine and therefore may reduce craving 
for nicotine. With different mechanisms of action, it has 
been postulated that NRT and naltrexone could produce 
additive effects for treating nicotine withdrawal and pre- 
venting relapse. Since opioid antagonists are known to pre- 
cipitate nicotine withdrawal in nicotine dependent 
animals/^"^^ administering NRT in conjunction may 
attenuate any increased withdrawal, dysphoria and sed- 
ation caused by naloxone and naltrexone. Naloxone 
(Narcan, with half-life 30-100 min^^) is a short-acting 
opioid antagonist routinely administered to reverse the 
acute effects of narcotic overdose. Naloxone has been 
shown to block the reinforcing properties of nicotine and 
precipitate physical and affective symptoms of nicotine 
withdrawal in rodent studies. ^^"^^ Buprenorphine 
(Buprenex, Subutex, Suboxone (combination buprenor- 
phine/naltrexone), Butrans, with half-life 2^60 h)^^ is a 
mixed agonist-antagonist used for the treatment of opioid 
dependence. Although less widely studied for this indica- 
tion, naloxone and buprenorphine have also been evalu- 
ated as potential smoking cessation aids and are included 
in this review. 

Concerns regarding potential adverse effects have led 
to US Food and Drug Administration (FDA) black box 
warnings for the cessation medications bupropion and 
varenicline. With respect to the adverse event profile of 
opioid antagonists when used in the treatment of opioid 
dependence, serious adverse effects are uncommon but 
there is an FDA black box warning regarding potential 
hepato toxicity for naltrexone. Nervous system side 
effects reported in >10% of patients during treatment 
for opioid dependence have included headaches, ner- 
vousness, anxiety, difficulty sleeping and low energy; 
those reported in <10% of patients include loss of appe- 
tite, increased energy, irritability and dizziness. Asthenia, 
agitation, hyperkinesia, nervousness, fatigue, restlessness, 
confusion, disorientation and somnolence have been 
reported rarely. Side effects of buprenorphine are 
similar to those of other opioids and include nausea, 
vomiting and constipation. 

While opioid antagonists are typically used in the 
treatment of opioid dependence, the primary objective 
of this systematic review and meta-analysis was to evaluate 
the long-term efficacy of opioid antagonists (ie, naltrex- 
one, naloxone and buprenorphine), alone or in com- 
bination with NRT, in promoting smoking cessation. The 
secondary objective was to evaluate the short-term (post- 
treatment) abstinence effects. Specific opioid antago- 
nists were considered separately rather than grouping 
the medications as a class. We tested the hypotheses that 
opioid antagonists: (1) are more effective than placebo 
in promoting early and sustained abstinence from 
smoking and (2) when used in combination with NRT 
are more effective than NRT alone in promoting early 
and sustained abstinence from smoking. We also sum- 
marise the literature on the effects of opioid antagonists 
in treating withdrawal symptoms, attenuating the reinfor- 
cing value of smoking and reducing ad libitum smoking. 



The results of this systematic review and meta-analyses 
have been published in a recent Cochrane Review. 

METHODS 

Search strategy and study selection 

We included randomised controlled trials of opioid 
antagonists with adult smokers that reported smoking 
status at least 6 months after intervention to assess the 
efficacy for long-term cessation. For the secondary 
outcome, we also considered randomised controlled 
trials of opioid antagonists reporting abstinence at end of 
treatment or that reported the outcomes of nicotine with- 
drawal, reinforcing properties of smoking or ad libitum 
smoking. The medications evaluated were naltrexone, 
naloxone, buprenorphine or other opioid antagonists, 
with or without concurrent use of NRT. 

To identify eligible studies, we searched the Tobacco 
Addiction group Specialized Register in April 2013 using 
the terms 'naloxone' or 'naltrexone' or 'buprenorphine' or 
'opioid antagonist' or 'opiate antagonist' or 'narcotic antag- 
onist' in the title or abstract or as keywords. At the time of 
the search, the Register included the results of searches of 
the Cochrane Central Register of Controlled trials 
(CENTRAL), issue 3, 2013; MEDLINE (via OVID) through 
29 March 2013; EMBASE (via OVID) through 16 March 
2013 and PsycINFO (via OVID) through 1 April 2013. An 
additional search of MEDLINE (via OVID through 17 April 
2013) used the terms (explode "Narcotic-Antagonists" /all 
subheadings) AND ("Smoking-Cessation"/all subheadings 
OR "Tobacco-Use-Disorder"/all subheadings OR 
"Smoking" /all subheadings). Two authors cross-checked 
the studies to insure they met the inclusion criteria. 
Discrepancies were resolved by mutual consent including a 
third author, as required. We noted reasons for the non- 
inclusion of studies. Details of the search are in the 
PRISMA Diagram (figure 1). 

Data extraction 

Data extraction included: basic study characteristics 
(sample size, design, blinding, method of randomisation 
and location), sample characteristics (cigarettes/ day and 
intention to quit), tobacco measures and outcomes, 
reported adverse effects and attrition. The primary 
outcome measure of interest was abstinence at 6 months 
or longer, with preference given to the longest follow-up 
available. Abstinence at end of treatment was a second- 
ary outcome. We used a sustained cessation rate in pref- 
erence to point prevalence, and biochemical verification 
of self-reported quitting where reported (eg, carbon 
monoxide (CO) and cotinine). Other outcome mea- 
sures of interest included withdrawal, reinforcing or 
hedonic effects of smoking, mood states and ad libitum 
smoking. 

Data analysis 

For the abstinence outcomes, we calculated RRs of 
abstinence at longest follow-up using as the 
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Figure 1 PRISMA diagram of 
literature search and data 
extraction. 



100 articles in initial search in 
The Cochrane Tobacco Addiction 
Group Specialized Register 



98 articles in initial search in 
MEDLINE 



198 articles in initial search 



158 unique articles 



100 unique articles screened for 
study inclusion 



32 primary reports of relevant 
trials 



8 published articles included in 
primary meta-analysis 



40 duplicates removed 



58 records not 
reporting controlled 
trials 



68 excluded: 

• Not reports of relevant 
intervention trials 

• Abstracts subsequently 
published in full 

• Papers reporting other 
outcomes or analyses 
from included studies 



24 excluded from 
meta-analysis but 
included in review:** 

• 3 reporting only short 
term (< 6 month) 
abstinence 

• 21 reporting outcomes 
otherthan cessation 



•Register holds reports of controlled trials on smoking cessation identified from searches of CENTRAL, 

MEDLINE, EM BASE and other sources including conference abstracts. See Specialized Register 

http://onlinelibrarv.wilev.eom/o/cochrane/clabout/articles/rOBACCO/frame.html 

**24 studies excluded from meta-analyses were included in review for sensitivity analyses of short-term 

outcomes (k=3) and reporting outcomes otherthan abstinence. 



denominators the numbers of patients randomised to 
each arm excluding any deaths and treating those who 
dropped out or were lost to follow-up as continuing to 
smoke. We noted any deaths and adverse events in the 
results tables. If necessary, we contacted authors for clari- 
fication of specific points. Separately, we combined the 
results of studies evaluating short-term and long-term 
cessation using the Mantel-Haenszel fixed-effect model 
for pooling risk ratios. Effect sizes were calculated for all 
trials together and by whether or not NRT was used. In a 
sensitivity analysis, we estimated the effect at end of 
treatment of adding in the results from studies excluded 
due to lack of long-term follow-up. For assessment of 
risk of bias, we evaluated studies on the basis of random 
sequence generation (selection bias), allocation conceal- 
ment (selection bias), blinding (performance bias and 
detection bias) and incomplete outcome data (attrition 
bias).^'^ None of the trials of buprenorphine or nalox- 
one were eligible for inclusion in meta-analyses of abstin- 
ence because of lack of sufficient follow-up or available 
abstinence outcomes. Therefore, we report abstinence 
results only for naltrexone. Procedures varied and few 
studies reported on measures of withdrawal, craving and 



smoking reduction for buprenorphine, naloxone and 
naltrexone; hence, these outcomes were narratively sum- 
marised. Characteristics of all included and excluded 
studies are published in the Cochrane Review. 



FINDINGS 

Long-term abstinence 

We identified eight trials evaluating naltrexone and 
reporting long-term abstinence rates with a total of 1213 
participants (table 1).^^~^^ Three studies examined nal- 
trexone monotherapy relative to placebo; four studies 
examined naltrexone as an adjunct to NRT or placebo; 
and one study had four arms, which allowed for examin- 
ation of naltrexone alone versus as an adjunct to NRT 
with matched placebo conditions for both arms.^^ There 
was no evidence of heterogeneity in subgroups with or 
without NRT. Naltrexone dose ranged from 25 to 
150 mg daily. Five trials provided cessation counselling 
with the medication of either brief (15-20 min)i9 2^ or 

18 20 24 

more extended duration. Four studies biochem- 

ically confirmed non-smoking status. 
Abstinence data were unpublished for two of the studies 
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fable 1 Characteristics of included studies 



Trial description 
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sequence 


Allocation 
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Region Treatment 
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validation 


generation concealment data 


Blinding 


Baltieri et aP 

1 

i 


1 2 weeks 
6 months 


Brazil 


1. 

2. 
3. 


Naltrexone 50 mg/day for 12 weeks 
Placebo 

Topiramate up to 300 mg/day 
(not used in this review) 


65 


28 


No 


Unclear 


Low 


Unclear 


Low 


Covey etal^^ 


4 weeks 
6 months 


USA 


1. 


Naltrexone 25 mg/day at least 3 days before 
quit date, increased to 50-75 mg/day on quit 
date and continued for 4 weeks 


80 


54 


Yes 


Unclear 


Unclear 


High 


Low 








2. 


Placebo 
















King et aF 


8 weeks 


USA 


1. 


Naltrexone 25 mg for 3 days then 50 mg for 


110 


89 


Yes 


Low 


Low 


Low 


Low 
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24 weeks 






2 m, nicotine patch for 1 m 
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Placebo and nicotine patch 
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1 2 weeks 
6 months 
12 months 


USA 


1. 

2. 


Naltrexone (50 mg/day)x12 weeks plus 
nicotine patch (21 mg/dayx2 weeks, 14 mg/ 
dayxl week, 7 mg/dayxl week) 
Placebox12 weeks plus 12 weeks plus 


315 


238 


Yes 


Low 


Low 


Low 


Low 


Meszaros et aF- 








nicotine patch (same schedule) 
















1 2 weeks 


USA 


1. 


Naltrexone 3 times/week (100 mg Monday 


79 


Not given 


No 


Unclear 


Unclear 


Unclear 


Unclear 



I 



O'Malley efa/^^ 12 months USA 




^TollefaP 6 weeks 
6 months 
Wong et aF 1 2 weeks 
6 months 



USA 
USA 



I 



and Tuesday; 1 50 mg Friday)x3 months 
2. Placebo (same schedule) 

1 . Naltrexone 1 00 mg 385 

2. Naltrexone 50 mg 

3. Naltrexone 25 mg 

4. Placebo 

All participants also received 21 mg NRT 
patchx6 weeks, initial 45 min counselling 
session, weekly 15 min counselling sessions for 
6 weeks, plus self-help materials including 
dietary and exercise tips 

1 . Naltrexone (25 mg/day)x27 weeks 1 72 

2. Placebox27 weeks 

1 . Naltrexone 50 mg/day for 1 2 weeks 1 00 

2. Nicotine patch (21 mg for 8 weeks/14 mg for 
4 weeks)+placebo pill 

3. Naltrexone (50 mg/day)+nicotine patch 
(21/14) for 12 weeks 

4. Placebo pill for 12 weeks 

All groups received weekly counselling. 
No placebo patches used 



295 



Yes 



Low Low 



Low Low 



58 
69 



Yes 
Yes 



Low Low 
Low Low 



Low Low 
Unclear Unclear 



Risk of bias assessments — biochemical validation indicates cotinine or exhaled carbon monoxide verification of abstinence evident from publication or investigator correspondence ('yesV'no'). 
Risk of reporting bias and risk of bias was assessed for lack of random sequence generation (selection bias), allocation concealment (selection bias), incompletely reported outcome data 
(attrition bias) or lack of or incomplete blinding (performance bias and detection bias), ('high'/'lowV'unclear'), respectively. 

NRT, nicotine replacement therapy. ^ 
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and obtained direcdy from the authors. For one of 
the studies, part of a multicentre trial with 350 partici- 
pants enrolled at five centres in the USA, the authors 
only published the results from the Mayo Clinic site, 
which enrolled 100 people but would not provide 
unpublished data for the other study sites upon repeated 
requests (R Croop, personal communication to Dr. 
Robert Croop of DuPont Merck Pharmaceutical 
Company, 2000). Despite our attempts to obtain unpub- 
lished data for the other 250 participants, the funder 
DuPont, has not disclosed further results. In one 
study,^^ there were three different treatment arms of 25, 
50 and 100 mg naltrexone. The 50 and 100 mg groups 
were combined and included in the meta-analysis, 
however, we conducted a sensitivity analysis and includ- 
ing the 25 mg arm did not significantly change the 
results — as previously reported. 

The pooled estimate for the eight trials gave no evi- 
dence of a treatment effect (RR 0.97; 95% CI 0.76 to 
1.24; table 2). For the five studies that examined naltrex- 
one alone versus placebo (n=450), the pooled estimate 
was RR 1.00; 95% CI 0.66 to 1.51 (table 2)/^ ^^"^^ and 
the estimate was not sensitive to exclusion of the two 
studies with unpublished data lacking biochemical valid- 
ation of abstinence. For the four studies that exam- 
ined naltrexone versus placebo as an adjunct to NRT 
(n=768), the pooled estimate was RR 0.95; 95% CI 0.70 
to 1.30.^^ 2^ 

Three trials raised the possibility that there could be a 
difference in effect by sex, with women showing more 
evidence of a benefit than men for smoking cessation in 

18 20 24 

two trials and showing less of a benefit in a third. 
In one trial, naltrexone showed a greater effect in pre- 
venting weight gain for women than men.^^ The other 
five abstinence studies did not report quit rates for men 
and women separately^^ and a summary esti- 

mate could not be calculated without risk of reporting 
bias. 

Short-term abstinence 

Similar to the analysis of long-term abstinence effects, 
there was no evidence of an early treatment effect and 
with a slightly narrower CI (RR 1.03; 95% CI 0.88 to 
1.22, table 3). Three studies in addition to the eight 
trials in the main analysis were found to only report 
short-term outcomes. Inclusion of the 116 partici- 
pants from these trials did not greatly alter the estimate 
(RR 1.09, 95% CI 0.93 to 1.27). 

Risk of bias in included studies 

Studies included in the meta-analysis were evaluated on 
their attempts to control bias in randomisation, alloca- 
tion, assessment and analysis. None of the eight studies 
were judged at high risk for selection bias due to inad- 
equate randomisation or allocation concealment proce- 
dures, but three did not report methods in sufficient 
detail for the possibility of allocation bias to be dis- 
counted. Two of these studies have only been 



reported as abstracts with limited methodological detail. 
All studies were described as double blind. The long- 
term cessation studies confirmed abstinence with bio- 
chemical verification, with two exceptions. Five 
studies reported exhaled CO verification,^^ 
and one study reported plasma cotinine concentration.^^ 
This study had high attrition in both groups and greater 
attrition earlier in the naltrexone group: 10 people in 
the naltrexone group and 2 people in the placebo 
group were considered treatment failures because they 
dropped out prior to the target quit day.^^ 

Withdrawal, hedonic effects and smoking reduction 

Overall, findings were mixed for effects of naltrexone, 
naloxone and buprenorphine on measures of nicotine 
withdrawal, nicotine reward and ad libitum smoking. 
Ten studies indicated no effect of naltrexone on with- 
drawal symptom scores.^^ ^^"^^ Five studies 
reported reductions in withdrawal or smoking 
urge.^^ For one of the trials, the effect was 
found only at the 100 mg dose compared to placebo 
and not at lower doses. Additionally, three trials indi- 
cated diminished withdrawal symptoms following pro- 
vocative smoking cues during sustained abstinence, 
and one trial reported that naltrexone reduced etha- 
nol's enhancing effect on smoking urge symptoms but 
naltrexone did not have a significant main effect on 
smoking urges. For naloxone, two studies found no sig- 
nificant difference in withdrawal symptoms or mood 
states relative to placebo,"^^ and another study showed 
an increased urge to smoke (craving) and tiredness at 
lower dosages of naloxone. 

Studies evaluating the reinforcing effects of smoking 
also were mixed. Two studies found no effect of naltrex- 
one on self-reported satisfaction from smoking^^ or 
smoking reinforcement.^^ Other studies found sig- 
nificant reduction in self-reported satisfaction with 
smoking,^^ increased negative mood following 

smoking^^; increased lightheadedness, dizziness and 
head rush following a cigarette,^^ and significantly 
reduced postcigarette craving.^^ For naloxone, two 
studies found no effect on the reinforcing properties of 

1 • • 42 46 

smoking cigarettes. 

Lastly, the results regarding ad libitum smoking were 
mixed. There were no significant effects of naltrexone 
on ad libitum smoking in three small trials. 
However, six trials demonstrated statistically significant 
reductions in the number of cigarettes smoked ad 
libitum. Five trials designed to evaluate 
abstinence and other outcomes during smoking 
cessation reported effects of naltrexone on daily or 
weekly smoking during and/or after treatment with 
naltrexone. 23-25 29 jj^j.^^ studies did not find any asso- 
ciation between naltrexone and number of cigarettes 

O-l OO OK 

smoked among continuing smokers, another 
reported cigarettes per week increased more in the 
placebo group compared to the naltrexone group at the 
100 mg dose of naltrexone, and two studies reported 
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significantly lower weekly cigarettes smoked in the nal- 
trexone (vs placebo) arms of the respective trials. 
For naloxone, two studies reported significant reduc- 
tions in number of cigarettes smoked relative to 
placebo"^^ and one study did not find an effect over a 
wide range of dosages for any measure of cigarette 
smoking, including number of cigarettes, number of 
puffs or expired air CO."^^ With buprenorphine, two 
studies found an increase in cigarette consumption asso- 
ciated with buprenorphine.^^ 

DISCUSSION 

Eight double-blinded, randomised controlled trials of 
naltrexone with a total of 1213 adult smokers reported 
long-term abstinence data and 11 reported short-term 
outcomes. The point estimate for the risk ratio of the 
long-term effect of cessation pooling all studies, 
RR=0.97, suggests that naltrexone has no effect on 
abstinence. Further, there was no benefit of naltrexone 
relative to placebo for smoking cessation whether used 
alone or in combination with NRT. The 95% CI 0.76 to 
1.24 indicates that the likelihood of any clinically import- 
ant effect is very small. By comparison, the RR of long- 
term abstinence for NRT from 117 trials with over 
50 000 participants was 1.60 (95% CI 1.53 to 1.68).^ We 
also know that one industry-sponsored naltrexone trial 
remains unpublished, the likelihood being that it too 
did not detect evidence of benefit (R Croop, personal 
communication). The results suggest that further 
research is only likely to make the CI narrower around 
no effect. A secondary analysis of pooled short-term out- 
comes also showed no evidence of a treatment effect. 
Including three randomised clinical trials that only 
reported short-term effects, with a total of 116 partici- 
pants, did not alter this conclusion. 

While we were unable to meta-analyse sex-specific 
effects including data from all eight trials, there was no 
compelling or consistent evidence of robust sex differ- 
ences in efficacy for naltrexone. Although not an end- 
point of this systematic review, two trials reported 
significant benefits of naltrexone for reducing postcessa- 
tion weight gain, while one did not. A separate 
Cochrane review showed a modest benefit of naltrexone 
on reduced postcessation weight gain at end of treat- 
ment (mean difference —0.78 kg, 95% CI —1.52 to 
—0.05, N=2 trials), with insufficient data to assess the 
effects at 6 or 12 months. There were mixed results 
from individual trial as to whether opioid antagonists 
reduced nicotine withdrawal symptoms, the reinforcing 
effects of nicotine and tobacco or cigarette consump- 
tion, but the heterogeneity of methods and reporting 
precluded use of meta-analytic techniques. 

CONCLUSIONS 

While it would seem biologically plausible that opioid 
antagonists may support smoking cessation vis-a-vis attenu- 
ation of positive reinforcement, the current evidence 



suggests that naltrexone provides no benefit for immediate 
or sustained smoking cessation. The neurobiology of nico- 
tine addiction is complex and involves interactions 
between multiple neurotransmitter systems.^^ Unequivocal 
benefits have been reported for other classes of smoking 
cessation medications (ie, nicotine replacement, bupro- 
pion and varenicline) with different mechanisms of action 
in large meta-analyses of scores of clinical trials. 
However, based on data from eight trials and over 1200 
individuals, there is no evidence of a therapeutic effect of 
naltrexone alone or as an adjunct to NRT on short-term or 
long-term smoking abstinence rates. While further trials 
may narrow the confidence limits, they are unlikely to 
change the conclusion of lack of benefit. 
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